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1. 

METHOD AND SYSTEM FORMANAGING 
SEMCONDUCTOR MANUFACTURING 

DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is based upon and claims the benefit of 
priority from the prior Japanese Patent Application No. 2006 
340937, filed on Dec. 19, 2006 and Japanese Patent Applica 
tion No. 2007-282277, filed on Oct. 30, 2007; the entire 
contents of both of which are incorporated herein by refer 
CCC. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a technology for managing 

a semiconductor manufacturing device. 
2. Description of the Related Art 
Better results can be obtained in a semiconductor manu 

facturing process if target parameters of a process are main 
tained at respective predetermined target values. For 
example, in a process of laminating a film, it is necessary to 
laminate a film with a desired width previously designed in 
the production recipe. Furthermore, in an exposure process, it 
is necessary that the dimensions after the exposure process 
are within an allowable range of the design values. 

However, in semiconductor manufacturing processes, one 
or more target parameters may deviate from the target values 
due to various external causes. For example, in the exposure 
process, light exposure may change depending on a state of a 
lighting optical system or a state of a reticle that transfers a 
circuit pattern. Such a change of light exposure can cause 
dimensional change of a semiconductor. If the target param 
eters vary, elements that make up a semiconductor integrated 
circuit (IC) do not work in a desirable manner. Such a semi 
conductor IC is considered as a defective product and cannot 
be sold in the marketplace, resulting in decreasing a produc 
tion yield. 
One approach is to monitor a target parameter, i.e., a qual 

ity control (QC) value, for each process. Such monitoring 
includes monitoring a physical quantity, i.e., a QC value, 
while a process is being executed. Examples of QC values 
include resist width in the exposure process and finished 
dimensions of an element manufactured through a processing 
process. 

It is common to monitor an internal state, so-called an 
equipment engineering system (EES) data, of the semicon 
ductor manufacturing device by using various sensors. For 
example, in an exposure device used in the exposure process, 
several hundreds of EES parameters, such as light exposure, 
focus value, and temperature of a developer, are acquired. 

JP-A 2005-197323 (KOKAI), discloses a conventional 
technology for identifying a cause of a variation of a QC value 
in a semiconductor manufacturing device from EES param 
eters by performing a correlation analysis on the QC value 
and the EES parameters. 

Recently, an advanced process control (APC) has been 
developed. In the APC, a state of a manufacturing device is 
controlled based on a value of the target parameter to maintain 
a target parameter to a predetermined value. For example, in 
the exposure process, light exposure of the exposure device is 
controlled so that a resist width is maintained to a predeter 
mined value based on the values of the resist width measured 
as the QC values. A linear relation can be seen between the 
light exposure and the resist width. Therefore, if it is detected 
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2 
a tendency from the QC values that the resist width become 
excessively wide, light exposure is controlled so that the resist 
width reduces to a desired value. 
A fault detection and classification (FDC) is performed 

based on the EES parameters. FDC is a method of monitoring 
a parameter, Such as an EES parameter, to check occurrence 
of a defect, and classify the defect when a defect has occurred. 
In the FDC, it is determined that a known defect has occurred 
when certain EES parameters have values in a predetermined 
range. In other words, in the FDC, it is necessary to prepare an 
FDC model for detecting defects based on EES parameters. 

Maintenance operations are often performed on the semi 
conductor manufacturing device to maintain the device in a 
normal state. The maintenance operation includes, for 
example, cleaning of a vacuum chamber, or adjustment of 
various units. Although the semiconductor manufacturing 
device is maintained in a normal state by Such maintenance 
operation, some of the EES parameters may vary unexpect 
edly due to the maintenance operation. 

In the technique of identifying a cause of the change in QC 
values by using EES parameters, if the state of the device 
changes because an APC control or a maintenance operation 
is performed during an analysis period, the true cause of the 
change can not be extracted. Moreover, if the state of the 
device changes because an APC control or a maintenance 
operation is performed, the FDC model needs to be updated to 
suit the current state of the device. In other words, if one FDC 
model is used before and after an APC control or a mainte 
nance operation, there is a possibility that a defect is errone 
ously detected or even overlooked. 

SUMMARY OF THE INVENTION 

According to an aspect of the present invention, there is 
provided a management system that manages a semiconduc 
tor manufacturing device. The management system includes 
a first storage unit that stores therein a plurality of quality 
control values, the quality-control values being values 
obtained by measuring a dimension of wafers at different 
times during processing of the wafers by the semiconductor 
manufacturing device; a second storage unit that stores 
therein a plurality of equipment parameters, the equipment 
parameters being values obtained by monitoring a state of the 
semiconductor manufacturing device at different times dur 
ing processing of the wafers by the semiconductor manufac 
turing device; a third storage unit that stores therein a main 
tenance log of the semiconductor manufacturing device; a 
first setting unit that sets a correction value for correcting the 
equipment parameters to control the quality-control values 
based on the quality-control values in the first storage unit and 
the equipment parameters in the second storage unit; a fourth 
storage unit that stores therein the correction value set by the 
first setting unit; a second setting unit that sets a variable 
period in which the quality-control values vary; a retrieving 
unit that retrieves events sandwiching the variable period, the 
events including a maintenance of the semiconductor manu 
facturing device from the maintenance log stored in the third 
storage unit and a change of the correction value in the fourth 
storage unit; a third setting unit that sets an analysis period for 
analyzing a cause of variation of the quality-control values 
between the events retrieved by the retrieving unit; and an 
extracting unit that performs statistical analysis to quantita 
tively calculate a correlation between quality-control values 
and equipment parameters within the analysis period, and 
extracts a cause of variation of the quality-control values 
based on calculated correlation. 
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According to another aspect of the present invention, there 
is provided a method of managing a semiconductor manufac 
turing device. The method includes setting a variable period 
in which quality-control values vary, the quality-control val 
ues being values obtained by measuring a dimension of 
wafers at different times during processing of the wafers by 
the semiconductor manufacturing device; retrieving events 
sandwiching the variable period, the events including a main 
tenance of the semiconductor manufacturing device and a 
change of a correction value, the correction value being a 
value for correcting equipment parameters to control the 
quality-control values based on the quality-control values, the 
equipment parameters being values obtained by monitoring a 
state of the semiconductor manufacturing device at different 
times during processing of the wafers by the semiconductor 
manufacturing device; setting an analysis period for analyZ 
ing a cause of variation of the quality-control values between 
the events retrieved at the retrieving; performing statistical 
analysis to quantitatively calculate a correlation between 
quality-control values and equipment parameters within the 
analysis period; and extracting a cause of variation of the 
quality-control values based on the correlation calculated at 
the performing. 

According to still another aspect of the present invention, 
there is provided a management system that manages a semi 
conductor manufacturing device. The management system 
includes a first storage unit that stores therein a plurality of 
quality-control values, the quality-control values being Val 
ues obtained by measuring a dimension of wafers at different 
times during processing of the wafers by the semiconductor 
manufacturing device; a second storage unit that stores 
therein a plurality of equipment parameters, the equipment 
parameters being values obtained by monitoring a state of the 
semiconductor manufacturing device at different times dur 
ing processing of the wafers by the semiconductor manufac 
turing device; a third storage unit that stores therein a main 
tenance log of the semiconductor manufacturing device; a 
first setting unit that sets a correction value for correcting the 
equipment parameters to control the quality-control values 
based on the quality-control values in the first storage unit and 
the equipment parameters in the second storage unit; a fourth 
storage unit that stores therein the correction value set by the 
first setting unit; a detecting unit that detects an abnormality 
in the state of the semiconductor manufacturing device based 
on monitoring of the equipment parameters and an error 
detection rule, the error detection rule is for determining an 
abnormality in the state of the semiconductor manufacturing 
device; an acquiring unit that acquires events from the third 
storage unit and the fourth storage unit, the events including 
a maintenance of the semiconductor manufacturing device 
stored in the third storage unit and a change of the correction 
value Stored in the fourth storage unit; a determining unit that 
determines whether the events acquired by the second acquir 
ing unit are associated with the equipment parameters moni 
tored by the detecting unit; and an instructing unit that outputs 
an instruction indicative of a necessity to update the error 
detection rule when it is determined by the determining unit 
that the events are associated with the equipment parameters. 

According to still another aspect of the present invention, 
there is provided a method of managing a semiconductor 
manufacturing device. The method including acquiring 
events, the events including a maintenance of the semicon 
ductor manufacturing device and a change of a correction 
value, the correction value being a value for correcting equip 
ment parameters to control quality-control values based on 
the quality-control values, the equipment parameters being 
values obtained by monitoring a state of the semiconductor 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
manufacturing device at different times during processing of 
wafers by the semiconductor manufacturing device, the qual 
ity-control values being values obtained by measuring a 
dimension of the wafers at different times during processing 
of the wafers by the semiconductor manufacturing device; 
determining whether the events acquired at the acquiring are 
associated with the equipment parameters being monitored 
by a detecting unit that detects an abnormality in the State of 
the semiconductor manufacturing device based on monitor 
ing of the equipment parameters and an error detection rule, 
the error detection rule is for determining an abnormality in 
the state of the semiconductor manufacturing device; and 
outputting an instruction indicative of a necessity to update 
the error detection rule when it is determined at the determin 
ing that the events acquired at the acquiring are associated 
with the equipment parameters monitored by the detecting 
unit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a management system for 
managing a semiconductor manufacturing device according 
to a first embodiment of the present invention; 

FIG. 2 is a flowchart of a process of managing the semi 
conductor manufacturing device performed by the manage 
ment system shown in FIG. 1; 

FIG. 3A is a graph of a relation between exposing time and 
resist width as a QC value: 
FIG.3B is a graph of a relation between exposing time and 

light exposure as an APC set value; 
FIG.3C is a graph of a relation between exposing time and 

maintenance log; 
FIGS. 4 to 6 are examples of display of EES parameters, 

correlation coefficient, and associated event data on a display 
unit of a user interface (I/F) shown in FIG. 1; 

FIG. 7 is a block diagram of a management system for 
managing a semiconductor manufacturing device according 
to a second embodiment of the present invention; 

FIG. 8 is a flowchart of a process of managing the semi 
conductor manufacturing device performed by the manage 
ment system shown in FIG. 7: 

FIG. 9 is an example of display of an error detection state 
for each FDC model; 

FIG. 10 is an example of a table containing event data 
associated with an FDC model; 

FIG. 11 is a scatter plot of a relation between mean of 
standard deviation of Y-component of synchronization accu 
racy and amount of dimensional change (absolute value); 

FIG. 12 is a scatter plot of a relation between amount of 
dimensional change (absolute value) and orthogonality of a 
wafer; 

FIG. 13 is a graph for explaining a relation among delay in 
a processing after a developing process, shot magnification, 
and amount of dimensional change (absolute value); and 

FIG. 14 depicts examples of FDC models according to a 
third embodiment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Exemplary embodiments of the present invention are 
explained in detail below with reference to the accompanying 
drawings. 
The following embodiments include acquiring data about 

APC and maintenance as event data in a system in which 
target parameters for each process are controlled so as to be 
constant by performing APC during a semiconductor manu 
facturing process. Then, extraction of a cause of change in the 
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state of the semiconductor manufacturing device, or updating 
of an FDC model during an interval between events is per 
formed by using the event data as a trigger. 

In the embodiments explained below, the present invention 
is applied to an exposure process as a manufacturing process 
of a semiconductor IC. However, the present invention can be 
applied to other processes in the manufacturing process. 
The first embodiment, data on an APC control and main 

tenance are acquired as event data from a semiconductor 
manufacturing device that is controlled by APC, and a period 
for analyzing a cause of variation of QC values is set based on 
event occurrence time. Moreover, an FDC model is updated 
based on occurrence of events as a trigger. 
An exposure process for exposing a gate of a transistor is 

described in the first embodiment. 
FIG. 1 is a block diagram of a management system 100 

according to the first embodiment for managing a semicon 
ductor manufacturing device 2. 
The semiconductor manufacturing device (e.g., an expo 

Sure device) 2 and a QC-value measuring device 3 are accom 
modated in a clean room 1 and the atmosphere in the control 
room 1 is controlled accurately. 
The semiconductor manufacturing device 2 receives a 

wafer that has been Subjected to a previous process, and it 
further processes that wafer. A resist coating process is an 
example of the previous process, and an exposure process is 
an example of the process performed by the semiconductor 
manufacturing device 2. 
The QC-value measuring device 3 measures QC values of 

the wafer, which has been processed by the semiconductor 
manufacturing device 2, and passes that wafer to a next device 
for a next process. Resist width of a gate portion of a transistor 
is an example of the QC value. Etching process is an example 
of the next process. The QC-value measuring device 3 is, for 
example, a critical dimension scanning electron microscope 
(SEM). 
The semiconductor manufacturing device 2 is controlled 

by APC. The management system 100 manages the semicon 
ductor manufacturing device 2. The management system 100 
includes various databases such as a production-manage 
ment-information database 4, a QC-value database 5, an EES 
parameter database 6, and a maintenance information data 
base 7. 

The production-management-information database 4 con 
tains production management information for identifying 
each of the wafers processed by the semiconductor manufac 
turing device 2. The QC-value database 5 serves as a first 
storage unit and contains QC values obtained by measuring 
dimension of a processed area of each of the wafers processed 
by the semiconductor manufacturing device 2. The EES 
parameter database 6 serves as a second storage unit and 
contains EES parameters obtained by monitoring the state of 
the semiconductor manufacturing device 2. The maintenance 
information database 7 serves as a third storage unit and 
contains maintenance log of the semiconductor manufactur 
ing device 2. 

Data is input in each of the databases 5 to 7 from a data 
collection server (not shown). 
The production management information is for identifying 

which lot (wafer) is being processed by the semiconductor 
manufacturing device 2, and contains lot (wafer) number, 
brand name, process name, processing date/time, and the like. 
An example of the QC values includes a resist width (di 

mension of a processed area) of a gate of a transistor exposed 
in the exposure process. 
The EES parameters are various data acquired by sensors 

(not shown) provided in each unit of the semiconductor 
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6 
manufacturing device 2, and they are the keys to know the 
internal state of the semiconductor manufacturing device 2. 
In a typical semiconductor manufacturing device, it is pos 
sible to collect about 200 types of the EES parameters such as 
actual light exposure, follow focus capability, synchroniza 
tion accuracy, chamber temperature, chamber pressure, and 
inclination of axis. 

Maintenance information is a log data indicating when and 
what type of maintenance operation was performed on the 
semiconductor manufacturing device 2. The maintenance 
information contains data on maintenance target device, 
maintenance time, particulars of maintenance, and the like. 
The management system 100 also includes a user interface 

(I/F) 8 and an APC setting device 9. The user I/F 8 displays 
various data on a display unit (not shown) and outputs various 
control signals in response to operations by an operator of the 
management system 100. The APC setting device 9 serves as 
a first setting unit and generates an APC set value (a correc 
tion value) that is used for correcting an EES parameter to 
control the QC values based on the production management 
information, the distribution of the QC values, and the EES 
parameters. 
The QC values stored in the QC-value database 5 are dis 

played in the form of a time-series graph on the display unit of 
the user I/F 8. 
The APC setting device 9 acquires an EES parameter, such 

as actual light exposure in the exposure process, and predicts 
a QC value for a target lot based on QC values of past five lots. 
The APC setting device 9 then calculates an APC set value 
corresponding to the acquired EES parameter (light expo 
sure) based on the predicted QC value to achieve a desired 
resist width, and outputs the calculated APC set value to the 
semiconductor manufacturing device 2. The semiconductor 
manufacturing device 2 uses the APC set value received from 
the APC setting device 9 in the exposure process for the target 
lot. The APC set value is calculated by using a table contain 
ing items of previously measured actual EES parameter (light 
exposure) in association with a QC value (resist width). 
The management system 100 also includes an APC-set 

value database 10 and a computer (central processing unit 
(CPU)) 11. The APC-set-value database 10 serves as a fourth 
storage unit and contains an APC set value generated by the 
APC setting device 9. The CPU 11 outputs information in 
response to a control signal received from the user I/F 8. The 
databases 4 to 7 and 10 can be realized by using a magnetic 
disk or other computer-readable recording media. 
The CPU 11 includes a QC-value variable-period setting 

unit 11a, an event-data retrieving unit 11b, an analysis-period 
setting unit 11c, and a cause extracting unit 11d. The QC 
value variable-period setting unit 11a serves as a second 
setting unit and sets a QC-value variable period in which a QC 
values varies based on the QC values and a control signal 
received from the user I/F 8. The event-data retrieving unit 
11b searches the maintenance information database 7 and the 
APC-set-value database 10, and retrieves events, such as 
maintenance of the semiconductor manufacturing device 2. 
or change in the APC set value, that took place just before/ 
after the QC-value variable period. 

Examples of the event data include time at which the APC 
set value was changed, or time at which a maintenance opera 
tion was conducted. 
The analysis-period setting unit 11c serves as a third setting 

unit and sets a period between the retrieved events that sand 
wich the QC-value variable period as an analysis period. The 
cause extracting unit 11d performs correlation analysis 
between the QC values and the EES parameters during the 
analysis period, and outputs the calculated correlation coef 
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ficient in association with the EES parameter to which the 
correlation analysis has been conducted to the user I/F 8. The 
user I/F 8 displays the correlation coefficient in association 
with the EES parameter on the display unit. 

FIG. 2 is a flowchart of a process of managing performed 
by the management system 100 when managing the semicon 
ductor manufacturing device 2. To begin with, the QC-value 
variable-period setting unit 11a sets a QC-value variable 
period based on the QC values present in the QC value data 
base 5 and a control signal received from the user I/F 8 (step 
S1). 
The event-data retrieving unit 11b retrieves event data 

sandwiching the QC-value variable period (step S2). The 
event data is information on events such as a maintenance or 
a change of an APC set value. Information on whether a 
maintenance was performed can be obtained by searching the 
maintenance information database 7, and information on 
whether an APC set value was changed can be obtained by 
searching the APC-set-value database 10. The events sand 
wiching the QC-value variable period are a pre-event that 
occurred immediately before a start of the QC-value variable 
period and a post-event that occurred immediately after an 
end of the QC-value variable period. 
The analysis-period setting unit 11c sets an analysis period 

(step S3). The analysis period starts from a time point at 
which the pre-event occurred and ends at a time point at which 
the post-event occurred. In other words, the analysis period 
includes the QC-value variable period. 
The cause extracting unit 11d performs a correlation analy 

sis between the QC values and the EES parameters during the 
analysis period, and identifies an EES parameter having a 
correlation coefficient larger than a predetermined target 
value as a cause of variation of the QC-values (step S4). 
The cause extracting unit 11d outputs the calculated cor 

relation coefficient associated with the EES parameter to the 
user I/F 8, and the user I/F 8 displays them on the display unit 
(step S5). Thus, the operator can understand the cause of 
variation of the QC values by looking at the information 
displayed on the display unit. 
The event-data retrieving unit 11b determines whether 

event data related to the EES parameter is present during the 
analysis period (step S6). Whether event data during the 
analysis period is present can be decided by searching the 
maintenance information database 7 and the APC-set-value 
database 10. When such an event data is present, the CPU 11 
outputs the event data to the user I/F 8, so that the user I/F 8 
displays that event data in associated manner with the cause 
of variation of the QC values (step S7). On the other hand, 
when there is no Such event data, the process control ends. 

With the operation described above, it is possible to 
retrieve a true cause of variation of the QC values excluding a 
cause of variation due to events. 

FIG. 3A is a graph of a relation between an exposing time 
and a resist width as a QC value; FIG. 3B is a graph of a 
relation between an exposing time and light exposure as an 
APC set value; and FIG.3C is a graph of a relation between an 
exposing time and a maintenance log according to the first 
embodiment. 
The graph shown in FIG. 3A is displayed on the display 

unit of the user I/F 8 in accordance with output of data from 
the QC-value database 5. The resist width shown in FIG. 3A 
is a measured value of a resist width of a transistor gate 
processed in the exposure process. For example, five points 
are selected per wafer, their widths are measured, and a mean 
of measured widthis plotted as the resist width for each wafer. 
Each resist width measured at each exposure process time is 
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8 
sequentially plotted as a point along the horizontal axis (ex 
posing time), and those points are connected by a line. 

In the example shown in FIG. 3A, a desired resist width is 
100 nanometers, and an allowable range of the resist width is 
from 95 nanometers to 105 nanometers. It can be seen from 
FIG. 3A that the resist width increased after time t1, and 
exceeded the allowable range. 
The APC setting device 9 predicts that the resist width of 

the subsequent lots is likely to increase based on the fact that 
the resist width (QC value) is increasing at time t2. Accord 
ingly, the APC setting device 9 makes a correction to increase 
the light exposure (one of the EES parameters) to control the 
resist width to be the desired value (i.e., the APC set value is 
set) (see FIG.3B). As a result, the resist width is controlled to 
the desired value, i.e., within the allowable range. 
At time t3, an engineer conducts a maintenance operation 

on the semiconductor manufacturing device 2. For example, 
the engineer adjusts a focus system of the semiconductor 
manufacturing device 2 (see FIG.3C). As a result, focus value 
changes, making the resist width thinner than the desired 
value. 
At time tauntil which a thin resist width has been contin 

ued for five lots or more, the APC setting device 9 decreases 
the light exposure (see FIG.3B) to control the resist width to 
be the desired value. As a result, the resist width increases and 
it is near the desired value. 

Because dimension of a transistor gate largely affects the 
characteristics of the transistor, it is preferable to maintain the 
resist width at the desired value. 

It is examined below why dimensional change occurs from 
time t1 to time t2 as shown in FIG. 3A. 
An operation for extracting EES parameters that could be 

the cause for the dimensional change is performed. A 
defected portion of the exposure device that is the cause of the 
dimensional change is identified from the extracted EES 
parameters. 

Then, a correlation analysis is performed for extracting a 
cause of variation of the dimensional change. A correlation 
coefficient R between the resist width (QC value) and each of 
the EES parameters can be obtained from Equation (1): 

' (y,x Xyi 
---gi) --- us 

A mean of measured five points per wafer is used. In 
Equation (1), X, is a value of the EES parameter of i-th wafer, 
y, is the QC value of the i-th wafer, u, is a mean of X, u, is a 
mean of y, and n is the total number of wafers. Specifically, 
X, and y, are means for each wafer, while u, and u, are means 
of the n numbers of wafers. 
An EES parameter having a correlation coefficient R 

obtained from Equation (1) equal to or larger than 0.6 is 
extracted as an EES parameter related to the change of the 
resist width (QC value). 

In Such a correlation analysis, where the analysis period is 
taken affects the result. 

Specifically, if the correlation analysis is performed for the 
entire period, it is difficult to extract the cause of variation; 
because, an EES parameter having strong correlation with the 
dimensional value may be different for each period. 

For example, at time t2 and time ta shown in FIG. 3A, the 
light exposure controlled by the APC setting device 9 will be 
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extracted as the EES parameter as such having strong corre 
lation with the dimensional change as shown in FIG. 3B. On 
the other hand, at time t3, the focus value that has been 
changed due to a maintenance operation will be extracted as 
the most related EES parameter as shown in FIG.3C. 5 
As can be seen from FIGS. 3A to 3C, there is no common 

EES parameter having correlation with the dimensional value 
for the entire period. Therefore, if the correlation analysis is 
performed for the entire period, no EES parameter will be 
extracted. 10 

According to the first embodiment, an operator specifies 
(step S1 in FIG. 2) a variation for which the cause is to be 
extracted. For example, the operator can point the variation 
for which the cause is to be extracted on the graph FIG. 3A 
that is displayed on the display unit of the user I/F 8. 15 

For example, if the operator specifies a portion (period) 
between times t1 and t2, where the resist width is increasing, 
in a graph shown in FIG. 3A, the event-data retrieving unit 
11b retrieves event data sandwiching the specified period 
(step S2 in FIG. 2). As described above, the event data con- 20 
tains time at which the APC setting device 9 changes an APC 
set value and time when the maintenance operation is per 
formed. 

In the examples shown FIGS. 3A to 3C, the event-data 
retrieving unit 11b retrieves that the APC setting device 9 has 25 
changed the APC set value at times to and t2 (see FIG. 3B). 
The analysis-period setting unit 11c then sets the analysis 
period between times to and t2 (step S3 in FIG. 2). The 
analysis period is set between the events sandwiching the 
period in which the target dimensional change occurs. Fur- 30 
thermore, it is preferable to set the analysis period as long as 
possible unless the analysis period includes extracted events 
from a view of correlation analysis. 
The cause extracting unit 11d then acquires the QC values 

and the EES parameters from each database for the set analy- 35 
sis period, and calculates a correlation coefficient from Equa 
tion (1) (step S4 in FIG. 2). 

FIGS. 4 to 6 are examples of EES parameters, correlation 
coefficients, and associated event data that are displayed on 
the display unit of the user I/F 8. 40 
As shown in FIG. 4, a result of extraction of a cause of 

variation of the QC values is displayed on the display unit, 
indicating that Y-component of synchronization accuracy has 
the largest correlation coefficient of 0.85. As a result, the 
operator can decide that the Y-component of the synchroni- 45 
Zation accuracy is the cause of variation for the analysis 
period (step S5 in FIG. 2). 
As described above, the operator can find a true cause of 

variation excluding a cause of variation due to events; 
because, Such analysis period is set in Such a manner that 50 
events sandwiching the analysis period are automatically 
retrieved. Thus, it is possible to better manage the semicon 
ductor manufacturing device 2 based on the true cause. 
When the operator specifies time t2 or time t3 shown in 

FIG. 3A, events sandwiching a period where the QC values 55 
vary are retrieved, and a correlation analysis is performed in 
the same manner. 

For example, assume now that the operator specifies a 
period including time t2 but not including time t1 and time t3. 
As shown in FIG.3B, facts that the APC setting is changed at 60 
time t0 and time t2 and a maintenance operation is performed 
at time t3 are extracted as events, and the analysis period is set 
between time to and time t3. 
As shown in FIG. 5, a result of extraction of a cause of 

variation of the QC values, and event data at time t2 as event 65 
data present during the analysis period are displayed on the 
display unit of the user I/F 8. Assume now that a table (not 

10 
shown) containing event data in association with the EES 
parameter is provided, e.g., the EES parameter name associ 
ated with light exposure is also associated with an event 
indicative of change in the APC set value. At this point, if 
there is association between the event data and the target EES 
parameter in the table (not shown), the cause extracting unit 
11d displays associated event data on the display unit of the 
user I/F8 (steps S6 and S7 in FIG. 2). 
When the operator specifies time t3 shown in FIG. 3A, 

maintenance data of a focus system is displayed as the event 
data at time t3 in the similar manner as shown in FIG. 6. 
As described above, if the event data is displayed in addi 

tion to the EES parameter as shown in FIGS. 5 and 6, the 
operator can find out that the dimensional change is caused by 
extracted known events. 

Instead of the operator setting the QC-value variable 
period, the QC-value variable period can be set automatically. 
For example, it is possible to previously set a threshold, and 
automatically extract a period where the level of a change of 
the QC values exceeds the threshold as the QC-value variable 
period. In this case, the QC-value variable-period setting unit 
11a can automatically set the QC-value variable period with 
out the need for any instruction from the operator via the user 
IAF 8. 
As described above, according to the first embodiment, 

when analyzing the cause of variation of the QC values from 
the EES parameter, event data sandwiching the QC-value 
variable period is automatically retrieved, and the analysis 
period is set between the retrieved events. As a result, it is 
possible to extract a true cause of variation of the QC values 
excluding a cause of variation due to events. Furthermore, an 
event occurs during the QC-value variable period, it is pos 
sible to identify that the event has caused a change of the QC 
values by examining association between the event and the 
EES parameter. Thus, it is possible to detect an error depend 
ing on events, such as the APC control or the maintenance 
operation, during a semiconductor manufacturing process. 
The cause of variation of the QC values is identified based 

on a correlation coefficient calculated from Equation (1) 
between the QC values and the EES parameters. However, if 
it is possible to quantitatively calculate a correlation between 
change of the QC values and the EES parameter, a calculation 
method is not limited to the correlation analysis and other 
statistical analysis or statistical method can be used. For 
example, a partial least square (PLS) analysis, or a principal 
component analysis can be used to calculate the correlation. 
Furthermore, an EES parameter as a cause of variation is 
extracted by using a univariate correlation analysis. Specifi 
cally, it is assumed that a change of the QC values occurs due 
to a single EES parameter. However, there is a possibility that 
the QC values vary due to a plurality of EES parameters. In 
this situation, it is possible to use a multivariate analysis 
instead of the univariate analysis. 
A second embodiment of the present invention is described 

below. Particularly, a semiconductor manufacturing device 
according to the second embodiment is controlled by APC, 
data on an APC control and maintenance are acquired as event 
data, and an FDC model is updated based on occurrence of 
events as a trigger. 

FIG. 7 is a block diagram of a management system 200 
according to the second embodiment for managing the semi 
conductor manufacturing device 2. Components assigned 
with the same reference numbers as those shown in FIG. 1 are 
configured similarly to those described in the first embodi 
ment. 

The semiconductor manufacturing device 2 is controlled 
by APC. The management system 200 manages the semicon 
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ductor manufacturing device 2. The management system 200 
includes various databases such as the production-manage 
ment-information database 4, the QC-value database 5, the 
EES parameter database 6, and the maintenance information 
database 7. 
The production-management-information database 4 con 

tains production management information for identifying 
each of the wafers processed by the semiconductor manufac 
turing device 2. The QC-value database 5 serves as a first 
storage unit and contains QC values obtained by measuring 
dimension of a processed area of each of the wafers processed 
by the semiconductor manufacturing device 2. The EES 
parameter database 6 serves as a second storage unit and 
contains EES parameters obtained by monitoring the state of 
the semiconductor manufacturing device 2. The maintenance 
information database 7 serves as a third storage unit and 
contains maintenance log of the semiconductor manufactur 
ing device 2. 

Data is input in each of the databases 5 to 7 from a data 
collection server (not shown). 
The management system 200 also includes the user I/F 8 

and the APC setting device 9. The user I/F 8 displays various 
data on a display unit (not shown) and outputs various control 
signals in response to operations by an operator of the man 
agement system 100. The APC setting device 9 serves as a 
first setting unit and generates an APC set value (a correction 
value) that is used for correcting an EES parameter to control 
the QC values based on the production management informa 
tion, the distribution of the QC values, and the EES param 
eters. 

The management system 200 also includes the APC-set 
value database 10, a first FDC-model unit 12, and a second 
FDC-model unit 13. The APC-set-value database 10 serves as 
the fourth storage unit and contains an APC set value gener 
ated by the APC setting device 9. The first FDC-model unit 12 
serves as a first device-error detecting unit, while the second 
FDC-model unit 13 serves as a second device-error detecting 
unit. 

The first FDC-model unit 12 monitors a value of a first EES 
parameter stored in the EES parameter database 6, detects an 
abnormality of the semiconductor manufacturing device 2 
based on a first FDC model as a first error-detection rule for 
determining an error of the semiconductor manufacturing 
device 2. When an abnormality of the semiconductor manu 
facturing device 2 is detected, the first FDC-model unit 12 
outputs information on the detected abnormality to the user 
I/F 8 so that the display unit of the user I/F 8 displays that 
information. 
The second FDC-model unit 13 monitors a value of a 

second EES parameter stored in the EES parameter database 
6, detects an abnormality of the semiconductor manufactur 
ing device 2 based on a second FDC model as a second 
error-detection rule for determining an error of the semicon 
ductor manufacturing device 2. When an abnormality of the 
semiconductor manufacturing device 2 is detected, the sec 
ond FDC-model unit 13 outputs information on the detected 
abnormality to the user I/F8 so that the display unit of the user 
I/F 8 displays that information. 

Specifically, the first FDC-model unit 12 and the second 
FDC-model unit 13 issue commands indicating that a defec 
tive event previously set as an error is occurring in the semi 
conductor manufacturing device 2 when an input EES param 
eter is a certain value or changes in a certain way by using the 
production management data, the QC-value data, and the EES 
parameter. 
Assuming that the semiconductor manufacturing device 2 

is an etching device, and that an abnormality that produces 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

12 
dust occurs in a chamber of the semiconductor manufacturing 
device 2 if pressure in the chamber during an etching process 
changes suddenly. In this example, the first FDC-model unit 
12 continuously monitors change of pressure in the chamber 
during the etching process, and, when the amount of change 
exceeds a threshold level, outputs a warning indicating that an 
abnormality that causes generation of dust has occurred to the 
user I/F 8. The user I/F 8 causes the display unit to display the 
warning. 
The management system 200 includes a table 14 and a 

computer (CPU) 211. The table 14 contains, in an associated 
manner, data on the first FDC-model unit 12 and events moni 
tored by the first FDC-model unit 12 that are associated with 
(cause effect on) the first EES parameter, and data on the 
second FDC-model unit 13 and events monitored by the sec 
ond FDC-model unit 13 that are associated with (cause effect 
on) the second EES parameter. The CPU 211 outputs data to 
the user I/F 8. 
The CPU 211 includes an event-data acquiring unit 211a, 

an event-data determining unit 211b, and an update instruct 
ing unit 211c. Specifically, the management system 200 
includes the event-data acquiring unit 211a, the event-data 
determining unit 211b, and the update instructing unit 211c 
that are realized by executing the CPU 211. 
The event-data acquiring unit 211a acquires, as event data, 

maintenance information of the semiconductor manufactur 
ing device 2 from the maintenance information database 7 
and acquires information on a change of the APC set value 
from the APC-set-value database 10. 
The event-data determining unit 211b determines whether 

the event data acquired by the event-data acquiring unit 211a 
is associated with one of the first FDC-model unit 12 (or the 
first EES parameter monitored by the first FDC-model unit 
12), the second FDC-model unit 13 (or the second EES 
parameter monitored by the second FDC-model unit 13), and 
others based on data in the table 14. 
The update instructing unit 211c outputs to the user I/F8 an 

instruction for updating the first FDC model as the first error 
detection rule when it is determined that the event data 
acquired by the event-data acquiring unit 211a is associated 
with the first FDC-model unit 12 (or the first EES parameter 
monitored by the first FDC-model unit 12). The display unit 
of the user I/F 8 displays that instruction for the operator. 
On the other hand, the update instructing unit 211c outputs 

to the user I/F 8 an instruction for updating the second FDC 
model as the second error-detection rule when it is deter 
mined that the event data acquired by the event-data acquiring 
unit 211a is associated with the second FDC-model unit 13 
(or the second EES parameter monitored by the second FDC 
model unit 13). The display unit of the user I/F 8 displays that 
instruction for the operator. 

Furthermore, when it is determined that the event data 
acquired by the event-data acquiring unit 211a is associated 
with the first FDC-model unit 12 (or the first EES parameter 
monitored by the first FDC-model unit 12), the update 
instructing unit 211c instructs the first FDC-model unit 12 to 
automatically update the first FDC model as the first error 
detection rule. 

Moreover, when it is determined that the event data 
acquired by the event-data acquiring unit 211a is associated 
with the second FDC-model unit 13 (or the second EES 
parameter monitored by the second FDC-model unit 13), the 
update instructing unit 211c instructs the second FDC-model 
unit 13 to automatically update the second FDC model as the 
second error-detection rule. 

It is possible to set whether the update instructing unit 211c 
outputs an instruction for updating the first FDC model to the 
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user I/F8 for displaying the instruction on the display unit, or 
the update instructing unit 211c instructs the first FDC-model 
unit 12 to automatically update the first FDC model, depend 
ing on a type of the first EES parameter monitored by the first 
FDC model. Similarly, it is possible to set whether the update 
instructing unit 211c outputs an instruction for updating the 
second FDC model to the user I/F8 for displaying the instruc 
tion on the display unit, or the update instructing unit 211c 
instructs the second FDC-model unit 13 to automatically 
update the second FDC model, depending on a type of the 
second EES parameter monitored by the second FDC model. 

FIG. 8 is a flowchart of a process of managing performed 
by the management system 200 when managing the semicon 
ductor manufacturing device 2. To begin with, the event-data 
acquiring unit 211a acquires, as event data, maintenance 
information of the semiconductor manufacturing device 2 
and information on change of the APC set value from the 
maintenance information database 7 and the APC-set-value 
database 10 (step S21). 
The event-data determining unit 211b determines whether 

the event data acquired by the event-data acquiring unit 211a 
is associated with the first FDC-model unit 12 (or the first 
EES parameter monitored by the first FDC-model unit 12), or 
the second FDC-model unit 13 (or the second EES parameter 
monitored by the second FDC-model unit 13) based on the 
data in the table 14 (step S22). 
When it is determined that the event data acquired at step 

S21 is associated with the first FDC-model unit 12 (or the first 
EES parameter monitored by the first FDC-model unit 12) 
(Yes at step S23), the update instructing unit 211c determines 
whetherto automatically update the first FDC model based on 
an associated FDC model determined at step S23 (step S24). 
Similarly, when it is determined that the event data acquired at 
step S21 is associated with the second FDC-model unit 13 (or 
the second EES parameter monitored by the second FDC 
model unit 13) (Yes at step S23), the update instructing unit 
211c determines whether to automatically update the second 
FDC model based on an associated FDC model determined at 
step S23 (step S24). 
When it is determined to performan automatic update (Yes 

at step S24), process control proceeds to step S25, so that the 
update instructing unit 211c automatically updates the first or 
the second FDC model to a corresponding FDC model unit, 
and outputs to the user I/F 8 data indicating that automatic 
update has been instructed. Then, process control ends. The 
display unit of the user I/F8 displays that data for the operator. 
On the other hand, when it is determined not to performan 

automatic update (No at step S24), process control proceeds 
to step S26, so that the update instructing unit 211c outputs to 
the user I/F 8 data instructing a manual update of the first or 
the second FDC model. The display unit of the user I/F 8 
displays that instruction for the operator. Upon viewing see 
ing the instruction displayed on the display unit, the operator 
recognizes a need for manually updating the FDC model, and 
changes the FDC model as appropriate. 
When the update instructing unit 211c determines at step 

S23 that the acquired event is not associated with either one of 
the first FDC-model unit 12 (or the first EES parameter moni 
tored by the first FDC-model unit 12) and the second FDC 
model unit 13 (or the second EES parameter monitored by the 
second FDC-model unit 13), process control ends. 
As described above, according to the second embodiment, 

when an event that requires update of the error-detection rule 
(FDC model) occurs, it is possible to appropriately update a 
corresponding FDC model and prevent misinformation and 
overlook of an error. 
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14 
An example of applying the management method accord 

ing to the second embodiment is described below. Similar to 
the first embodiment, the management method is applied to 
the exposure process of a transistor gate. 

FIG. 9 is an example of display of an error detection state 
for each FDC model on the display unit of the user I/F 8; and 
FIG. 10 is an example of contents of the table 14 containing 
event data in association with an FDC model. 
AS assumed in the first embodiment in connection with 

FIG.4.Y-component of the synchronization accuracy is iden 
tified as a cause of a resist width error. In other words, dimen 
sional error occurs when Y-component of the synchronization 
accuracy exceeds a predetermined value. 
Assume now that an algorithm is installed in the first FDC 

model unit 12 to continuously monitor Y-component of the 
synchronization accuracy as an FDC model in the exposure 
process, and when the value of the Y-component of the Syn 
chronization accuracy exceeds a previously set threshold, an 
warning indicative of occurrence of dimensional error is 
issued. 

Similarly, it is assumed that an algorithm is installed in the 
second FDC-model unit 13 to detect occurrence of a dimen 
sional error when a value of a focus tracking parameter drops 
below a predetermined value. 
An error detection state for each of the first FDC-model 

unit 12 or the second FDC-model unit 13 is displayed on the 
display unit of the user I/F 8 in the manner shown in FIG. 9). 
The level of an error is classified into one of three levels of 
good (i.e., no attention is required because the corresponding 
value is within an allowable range), caution needed, and bad 
(i.e., immediate attention is required because the correspond 
ing value is out of the allowable range), depending on the 
level of excess from the threshold. A solid black circle is 
displayed for the appropriate error level. A middle circle 
between good and bad corresponds to caution needed in the 
example shown in FIG. 9. 
Upon seeing a warning displayed on the display unit of the 

user I/F 8, the operator determines whether to suspend a 
production line to perform examination and maintenance. 
Alternatively, the operator just Suspends the production line, 
i.e., without making a determination as to whether to Suspend 
the production line. 

It should be noted that the error-detection rule (FDC 
model) needs to be reconsidered when a state of the semicon 
ductor manufacturing device 2 changes due to occurrence of 
an event Such as a maintenance operation. 

For example, the error-detection rule for the synchroniza 
tion accuracy needs to be reconsidered and changed when 
adjustment of a synchronization mechanism between a wafer 
stage and a reticle stage is performed. Similarly, the error 
detection rule for focus tracking needs to be reconsidered and 
changed when adjustment of a focus system is performed. 

If the error-detection rule, i.e., the FDC model, is continu 
ously used without reconsidering, it is possible to cause erro 
neous detection of an error or overlook of an error. 
The event-data acquiring unit 211a acquires event data 

associated with the semiconductor manufacturing device 2 
(step S21 in FIG. 8). The event data contains, for the exposure 
device, information on change of the APC set value in relation 
to the light exposure and maintenance information of the 
exposure device. 
The event-data determining unit 211b refers to the event 

data acquired by the event-data acquiring unit 211a and the 
table 14, and determines whether there is occurrence of an 
event associated with a currently working FDC model unit (or 
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the EES parameter monitored by the FDC model or a cur 
rently working error-detection rule) (steps S22 and S23 in 
FIG. 8). 

Types of event data associated with each FDC model unit 
(the EES parameter or the error-detection rule) is stored in the 
table 14 in the form of the table shown in FIG. 10. It can be 
seen from FIG. 10 that the first FDC-model unit 12 is asso 
ciated with the synchronization accuracy, and the second 
FDC-model unit 13 is associated with the event in relation to 
a focus. 

For example, the event-data acquiring unit 211 a detects 
that an event of a maintenance operation has occurred at time 
t3 shown in FIG. 3A, and recognizes that the event is associ 
ated with a focus due to the fact that the maintenance opera 
tion is an adjustment of a focus system. The event-data deter 
mining unit 211b determines that the second FDC-model unit 
13 that is detecting the dimensional error by using the follow 
focus parameter (EES parameter) corresponds to the event on 
a focus from the table shown in FIG. 10. 
Upon receiving a determination result from the event-data 

determining unit 211b, the update instructing unit 211c out 
puts an update instruction. For example, the update instruct 
ing unit 211c sends the update instruction indicative of a fact 
that an update of the error-detection rule (FDC model) is 
required to the user I/F 8, and the display unit of the user I/F 
8 displays the update instruction for the operator in the man 
ner shown in FIG. 9. At this point, if the update type is 
specified as a manual update in the table shown in FIG. 10, the 
update instructing unit 211c refers to that table and displays 
that “suspended, need manual update on the display unit of 
the user I/F 8. At the same time, the update instructing unit 
211c instructs the target FDC model unit (in the example 
shown in FIG. 10, the second FDC-model unit 13) to suspend 
operation of the target FDC model (step S26 in FIG. 8). There 
is no indication on any one of good, caution needed, and bad 
for the second FDC-model unit 13 as shown in FIG. 9; 
because, the second FDC-model unit 13 is suspended. 
Upon receiving an instruction to Suspend, the FDC model 

unit ends an error determination process. The operator rec 
ognizes an instruction displayed on the display unit as shown 
in FIG.9, and manually updates the target error-detection rule 
(FDC model). For the event at time t3 shown in FIG. 3A, the 
operator checks change of the follow focus parameter after 
maintenance of the focus system, and sets a determination 
condition Suitable for detecting a dimensional error as a new 
error-detection rule (FDC model) to the second FDC-model 
unit 13. 
On the other hand, when the type of an update is set as an 

automatic update in the table shown in FIG. 10, the update 
instructing unit 211c displays “update needed, automatically 
updating instead of 'suspended, need manual update' on the 
screen shown in FIG.9, and issues instruction indicative of an 
automatic update to the target FDC model unit (steps S24 and 
S25 in FIG. 8). The FDC model unit that received the instruc 
tion updates the error-detection rule in accordance with the 
previously installed algorithm. 

For example, upon receiving the instruction for updating, 
the first FDC-model unit 12 suspends the error detection 
process, and automatically sets a threshold suitable for detect 
ing the dimensional error based on a relation between Y-com 
ponent of the synchronization accuracy and the resist width 
by using data for ten lots (i.e., automatically updates the 
error-detection rule). After completion of the setting, the first 
FDC-model unit 12 restarts the error detection process. 
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The update instruction unit 211c deletes a corresponding 

displayed data indicating an update state from displayed on 
the display unit (see FIG. 8) after the manual or the automatic 
update is completed. 
As described above, according to the second embodiment, 

event data is acquired, and a corresponding error-detection 
rule (FDC model) can be appropriately updated when it is 
needed in accordance with a change in the state of the device 
due to occurrence of an event. Thus, it is possible to prevent 
erroneous information, an erroneous detection, and overlook 
of an error. 

Specifically, it is possible to effectively use the error-de 
tection rule (FDC model) in accordance with a change in state 
of the device due to occurrence of an event. Therefore, an 
error can be detected in accordance with the APC control and 
the maintenance. As similar to the first embodiment, the error 
detection rule (FDC model) is updated in accordance with a 
change of a state of the device due to occurrence of an event. 
Thus, such an update is performed between events. 

Although it is explained that the two FDC model units are 
arranged in the management system 200 (i.e., the first FDC 
model unit 12 and the second FDC-model unit 13), it is 
possible to arrange three or more of the FDC model units 
depending on the number of EES parameters to be monitored. 
A third embodiment of the present invention is described 

with reference to FIGS. 11 to 14. As the third embodiment, an 
exposure-device parameter that changes the resist width is 
taken as an example, and an FDC model as the error-detection 
rule is configured based on those parameters. The exposure 
device parameters are the same as those described in the first 
and the second embodiments. 
The following examination was performed as assumption 

of the third embodiment: the management system having the 
same configuration as that in the first embodiment was oper 
ated for one year; a plurality of the exposure parameters that 
change a value of resist width were extracted; and those 
extracted parameters were further examined for their relation 
to the resist width. 

Examples of the exposure-device parameters include syn 
chronization accuracy, orthogonality of a wafer, shot magni 
fication, delay in processing after a developing process as will 
be described in detail. Other extracted exposure-device 
parameters are just listed in addition to the above parameters. 
Correlation between the exposure-device parameter and the 
resist width has not been recognized in the conventional tech 
niques, while Such a correlation was recognized with the 
management system 100. 
The synchronization accuracy is explained below. As a 

result of operation of the management system 100, it can be 
seen that there is a correlation between a mean of standard 
deviation of Y-component of the synchronization accuracy 
and a distribution width of a first distribution layer. The syn 
chronization accuracy is associated with a follow (synchro 
nization) accuracy between a wafer stage and a reticle stage, 
i.e., associated with Y component of the synchronization 
accuracy from X component and Y component set on the 
Surface of the wafer stage. The synchronization accuracy is a 
mean of standard deviation of Y-component of the synchro 
nization accuracy. The mean of the standard deviation of 
Y-component of the synchronization accuracy is obtained as 
follows: there is a fact that the exposure process to a single 
wafer is separated into a plurality of shot exposure; a prede 
termined number of the shot exposure is put into a group; 
standard deviation of Y-component of the synchronization 
accuracy for each group is calculated; and a mean of obtained 
standard deviation is calculated for the wafer. 
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Although Y-component of the synchronization accuracy is 
described below, X-component is similar to the Y-component, 
so that a mean of the standard deviation of the X-component 
of the synchronization accuracy can be used as the exposure 
device parameter. 

In the actually-examined exposure process, a target value 
of a distribution width of a first distribution layer is 150 
nanometers, while an allowable range in design is from 140 
nanometers to 160 nanometers. FIG. 11 is a scatter plot of a 
relation between a mean of standard deviation of Y-compo 
nent of the synchronization accuracy and an amount of 
dimensional change (absolute value). The amount of dimen 
sional change (absolute value) means an absolute value of 
amount of change from the target value of the distribution 
width. Each point is plotted for each wafer on the scatter plot. 
It can be seen from FIG. 11 that as a mean of the standard 
deviation of Y-component of the synchronization accuracy 
increases, a difference between the amount of dimensional 
change (absolute amount) and the target value increases. 
When the mean of the standard deviation of Y-component of 
the synchronization accuracy exceeds 5 nanometers, the 
amount of dimensional change (absolute amount) exceeds 10 
nanometers, exceeding the allowable range in design. 
A management system according to the third embodiment 

is provided with a third FDC model and a third FDC model 
unit in addition to the configuration of the management sys 
tem 200. The third FDC model issues a warning when the 
mean of the standard deviation of Y-component of the syn 
chronization accuracy exceeds 5 nanometers. The third FDC 
model unit is such that in which the third FDC model is 
installed. Upon receiving the mean of the standard deviation 
of Y-component of the synchronization accuracy, the third 
FDC model detects an error that causes the distribution width 
of the first distribution layer to be changed equal to or more 
than 10 nanometers. At the same time, an instruction is issued 
to the operator to perform maintenance of the wafer stage and 
the reticle stage based on the parameter of the exposure device 
used for error detection (i.e., the mean of the standard devia 
tion of Y-component of the synchronization accuracy). Spe 
cifically, a maintenance instruction is displayed on the display 
unit of the user I/F 8, and the operator conducts maintenance 
in accordance with the displayed instruction. The synchroni 
Zation accuracy is registered as event data associated with the 
third FDC model. 
As shown in FIG.10, the first FDC model is explained as an 

FDC model in relation to the synchronization accuracy 
according to the second embodiment. However, for detailed 
explanation of such an FDC model in distinction from the first 
FDC model, the third FDC model is employed in the third 
embodiment. 
As another example of the extracted exposure-device 

parameter, the orthogonality of a wafer is described below. As 
a result of an operation of the management system 100, it can 
be seen that there is a correlation between the orthogonality of 
a wafer and a gate dimension. The orthogonality of a wafer 
means a meanoforthogonality measured per shot of exposure 
to a wafer. 

In the actually-operated exposure process, the target value 
of the gate dimension is 100 nanometers, while allowable 
range in design is from 95 nanometers to 105 nanometers. 
FIG. 12 is a scatter plot of a relation between an amount of 
dimensional change (absolute value) and orthogonality of a 
wafer. Each point in the scatter plot corresponds to a separate 
wafer. As the orthogonality of a wafer increases/decreases 
from Zero, amount of dimensional change increases. When 
the absolute value of the orthogonality of a wafer exceeds 0.1 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

18 
microradian (urad), the amount of dimensional change (abso 
lute value) exceeds 5 nanometers, so that the gate dimension 
exceeds the allowable range. 
A fourth FDC model that issues a warning when the abso 

lute value of the orthogonality of a wafer exceeds 0.1 micro 
radian is prepared. Moreover, a fourth FDC model unit in 
which the fourth FDC model is installed is arranged in the 
configuration of the management system according to the 
third embodiment. Upon receiving the orthogonality of a 
wafer, the fourth FDC model detects an error that causes the 
gate dimension to be changed equal to or more than 5 nanom 
eters from the target value. At the same time, an instruction is 
issued to an operator to perform maintenance of the wafer 
stage based on the parameter of the exposure device used for 
detection (i.e., the orthogonality of a wafer). Specifically, a 
maintenance instruction is displayed on the display unit of the 
user I/F 8, and the operator conducts the maintenance in 
accordance with the displayed instruction. An “adjustment' 
is registered as event data associated with the fourth FDC 
model. 
As a still another example of the extracted exposure-device 

parameter, shot magnification and delay in processing after a 
developing process are explained below. As a result of opera 
tion of the management system 100, it can be seen that there 
is a correlation between the shot magnification, the delay in 
processing after a developing process, and the gate dimen 
Sion. The shot magnification is a relative magnification of a 
reticle image in the exposure process. The delay in processing 
after a developing process means delay from a time when a 
predetermined developing process is finished to a time when 
a wafer is actually discharged from a developing unit, in a 
resist developing process to the wafer after the exposure 
process. The resist developing process and the exposure pro 
cess are integrally explained as the exposure process; because 
the resist developing process is performed right after the 
exposure process and each processing device is integrally 
arranged with each other. 
The correlation between the shot magnification and the 

delay in processing after a developing process and the dimen 
sional change is not clear. However, as shown in FIG. 13, if 
X-coordinate defines the delay in processing after a develop 
ing process, Y-coordinate defines the shot magnification, and 
contouris depicted in accordance with an absolute value of an 
amount of change from the target value of the gate dimension, 
a certain correlation can be seen. The absolute value of the 
amount of change from the target value of the gate dimension 
represents dimensional change, representing each of curved 
lines with dimensional change of 1 nanometer, 3 nanometers, 
and 5 nanometers. It can be seen from FIG. 13 that, when the 
delay in processing after a developing process exceeds 10 
seconds or more, and the shot magnification becomes equal to 
or larger than 0.1 parts per million, the gate dimension 
exceeds the allowable range in design. 
A two-variable function is provided that presumes an abso 

lute value of the amount of change from the target value of the 
gate dimension based on the delay in processing after a devel 
oping process and the shot magnification. A fifth FDC model 
using the two-variable function is prepared to issue a warning 
when detecting the dimensional change of equal to or more 
than 5 nanometers from the allowable range of the gate 
dimension. A fifth FDC model unit in which the fifth FDC 
model is installed is also arranged in the configuration of the 
management system according to the third embodiment. As 
described above, upon receiving the shot magnification and 
the delay in processing after a developing process, the fifth 
FDC model detects an error that causes the gate dimension to 
be changed equal to or more than 5 nanometers from the 
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target value. At the same time, an instruction is issued to an 
operator so that maintenance of an optical stage and a devel 
oping unit is conducted based on the parameter of the expo 
Sure device used for an error detection (i.e., the shot magni 
fication and the delay in processing after a developing 
process). Specifically, a maintenance instruction is displayed 
on the display unit of the user I/F 8, and the operator conducts 
the maintenance in accordance with a displayed instruction. 
An “adjustment” and a clean track Serving as a unit for resist 
coating, baking, and developing process are registered as 
event data associated with the fifth FDC model. 
As the two-variable function used in the fifth FDC model, 

multivariate function Such as Mahalanobis distance can be 
used. As a method of extracting the exposure-device param 
eter associated with the dimensional change, a univariate 
correlation analysis is used in the first embodiment, while the 
two-variable function using the shot magnification and the 
delay in processing after a developing process is used in the 
third embodiment. However, it is possible to use the PLS 
analysis or the principal component analysis instead of the 
correlation analysis using a correlation coefficient. 

FIG. 14 depicts examples of the third to the fifth FDC 
models. As a result of operation in the exposure process 
performed by the management system 100, other exposure 
parameters causing change of the resist width are extracted. 
The exposure-device parameters associated with the third to 
the fifth FDC models and the other exposure-device param 
eters are the following: 

(1) Parameter indicative of synchronization accuracy 
between a wafer stage and a reticle stage (synchronization 
accuracy, mean, standard deviation) 

(2) Parameter indicative of difference between a target 
value and an actually-measured value of a focus position 
(follow focus, mean, Standard deviation) 

(3) Parameter indicative of difference between a target 
value and an actually-measured value of a tilt amount (tilt to 
Z-axis, mean, standard deviation) 

(4) Parameter associated with alignment (parallel move 
ment, rotation, magnification, orthogonality) 

(5) Parameter associated with resist coating, baking, and 
developing (temperature, flow rate, processing time) 

In the above example, the third FDC model is classified 
into (1), the orthogonality of a wafer is (4), the shot magnifi 
cation is (4), and the delay in processing after a developing 
process is (5). The description “synchronization accuracy, 
mean, standard deviation added to the parameter (1) indi 
cates that a mean, standard deviation, and a mean of the 
standard deviation for the parameter are also used as param 
eters in addition to the Synchronization accuracy. This is the 
same for the parameters (2) and (3). The parameter (2) indi 
cates follow property of a focus position in a projection opti 
cal system. The parameter (3) indicates the level of tilt to 
Z-axis orthogonal to the Surface of the wafer stage; for 
example, tilt amount of an optical axis. The parameter (4) is 
associated with alignment of a reticle and a wafer, indicating 
parallel movement, rotation, magnification, orthogonality. 
The parameter (5) is associated with the exposure process, 
Such as resist coating, baking, and temperature, flow rate, and 
processing time in a developing process. 
As described in the third embodiment, an FDC model is 

prepared by examining relation between the exposure-device 
parameter and a value of target parameter, and obtaining a 
detection rule for detecting when the target parameter 
exceeds the allowable range in design. 
The event data is also registered in association with the 

arranged FDC model. By installing such FDC models in the 
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management system according to the second embodiment, it 
is possible to automatically issue an update instruction for the 
FDC model when an event requiring an update of the FDC 
model occurs. 
As described above, according to the third embodiment, 

the exposure-device parameter as the cause of change of the 
target parameter is extracted, and an FDC model is arranged 
in which a detection rule for detecting a situation where the 
target parameter exceeds the allowable range in design. 
Therefore, an error in target parameter can be detected and 
maintenance instruction can be automatically issued depend 
ing on the cause of the error. Examples of the detection rule 
include a management value of each of the exposure-device 
parameters with which the target parameter is within the 
predetermine range, and a univariate/multivariate detection 
function. 

It is effective to stabilize a target parameter in a predeter 
mined range during the exposure process for improving pro 
ductivity of the semiconductor devices. In the conventional 
technique, dimensional change is adjusted by using a rela 
tively easy parameter Such as adjustment of light exposure. 
Thus, true cause of variation in a device is left as it is without 
taking a countermeasure, resulting in causing the same error. 
However, cause of variation can be extracted as described in 
the first embodiment, and target parameter can be stably set in 
a predetermined range by installing an FDC model in relation 
to an extracted exposure-device parameteras described in the 
second embodiment. 
As set forth hereinabove, according to an aspect of the 

present invention, it is possible to extract a cause of variation 
of the QC values excluding cause of variation due to events 
such as an APC control or a maintenance. Thus, an error such 
as a defective state of the semiconductor manufacturing 
device can be detected in the semiconductor-device manufac 
turing process. 

Furthermore, it is possible to use an error-detection rule in 
accordance with a change of a state of a device due to events 
Such as the APC control or a maintenance operation. 

Additional advantages and modifications will readily 
occur to those skilled in the art. Therefore, the invention in its 
broader aspects is not limited to the specific details and rep 
resentative embodiments shown and described herein. 
Accordingly, various modifications may be made without 
departing from the spirit or scope of the general inventive 
concept as defined by the appended claims and their equiva 
lents. 
What is claimed is: 
1. A management system that manages a semiconductor 

manufacturing device, the management system comprising: 
a first storage unit that stores therein a plurality of quality 

control values, the quality-control values being values 
obtained by measuring a dimension of individual wafers 
at different times during processing of the wafers by the 
semiconductor manufacturing device; 

a second storage unit that stores thereina plurality of equip 
ment parameters, the equipment parameters being val 
ues obtained by monitoring a state of the semiconductor 
manufacturing device at different times during process 
ing of the wafers by the semiconductor manufacturing 
device; 

a third storage unit that stores therein a maintenance log of 
the semiconductor manufacturing device; 

a first setting unit that sets a correction value for correcting 
the equipment parameters to control the quality-control 
values based on the quality-control values in the first 
storage unit and the equipment parameters in the second 
storage unit; 
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a fourth storage unit that stores therein the correction value 
set by the first setting unit; 

a second setting unit that sets a variable period in which the 
quality-control values vary; 

a retrieving unit that retrieves events sandwiching the vari 
able period, the events including a maintenance of the 
semiconductor manufacturing device from the mainte 
nance log stored in the third storage unit and a change of 
the correction value in the fourth storage unit; 

a third setting unit that sets an analysis period for analyzing 
a cause of variation of the quality-control values 
between the events retrieved by the retrieving unit; and 

an extracting unit that performs statistical analysis to quan 
titatively calculate a correlation between quality-control 
values and equipment parameters within the analysis 
period, and extracts a cause of variation of the quality 
control values based on calculated correlation. 

2. A method of managing a semiconductor manufacturing 
device, the method comprising: 

setting a variable period in which quality-control values 
vary, the quality-control values being values obtained by 
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measuring a dimension of individual wafers at different 
times during processing of the wafers by the semicon 
ductor manufacturing device; 

retrieving events sandwiching the variable period, the 
events including a maintenance of the semiconductor 
manufacturing device and a change of a correction 
value, the correction value being a value for correcting 
equipment parameters to control the quality-control val 
ues based on the quality-control values, the equipment 
parameters being values obtained by monitoring a state 
of the semiconductor manufacturing device at different 
times during processing of the wafers by the semicon 
ductor manufacturing device; 

setting an analysis period for analyzing a cause of variation 
of the quality-control values between the events 
retrieved at the retrieving: 

performing statistical analysis to quantitatively calculate a 
correlation between quality-control values and equip 
ment parameters within the analysis period; and 

extracting a cause of variation of the quality-control values 
based on the correlation calculated at the performing. 
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